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Abstract 
We report the results of a search for the permanent electric dipole moment of Hg atoms.  We find |d(199Hg)| < 3.1 × 10-29 e cm. 
This result can be used to set improved constraints on semi-leptonic and hadronic CP violation. 
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1. Introduction 
Both parity, P, and time reversal, T, invariances forbid permanent electric dipole moments (EDMs) of elementary 
particles and atoms. By the CPT theorem, T violation is expected to accompany the CP violation observed in the 
standard model as well as new sources of CP violation. In the standard model, the CKM phase and șQCD vacuum 
phase are the sources of CP violation [1]. Baryogenesis and the observed excess of baryons in the universe are 
believed to arise from sources of CP violation beyond the standard model [2,3]. Many theories beyond the standard 
model, such as supersymmetry, naturally predict EDMs within experimental reach [4,5]. 
Experimental searches for EDMs are generally divided into three categories: measurements with bare neutrons, 
measurements on paramagnetic atoms and molecules to detect an electron EDM, and measurements with 
diamagnetic atoms. So far, there are only upper limits: for the neutron |dn| < 2.9 × 10-26 e cm [6], for the electron  |de| 
< 1.6 × 10-27 e cm [7], and the result presented here for diamagnetic mercury atoms |d(199Hg)| < 3.1 × 10-29 e cm [8]. 
2. Experimental Technique 
     199Hg has a closed electronic shell and nuclear spin of 1/2. In parallel (+) or anti-parallel (-) electric and magnetic 
fields, the Larmor frequency is given by: hv = 2μB ± 2dE, where μ and d are the magnetic and electric dipole 
moments of 199Hg. A non-vanishing EDM is detected as a frequency shift as E is reversed relative to B. Figure 1 
shows our EDM apparatus. A stack of 4 mercury vapor cells is held within a vessel that is centered within 3 layers 
of magnetic shielding. A cosine coil provides a uniform vertical magnetic field. Opposite electric fields (9.1 kV/cm) 
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are applied to the innermost 2 vapor cells. The outer cells, located within the high voltage electrodes, have no 
electric fields and serve as magnetometers for the inner cells. 
     The vapor cells are made from high purity fused silica; a 2.54 cm cylindrical body capped by SnO coated 
electrode disks. The interior cell walls are coated with a thin layer of paraffin and 475 torr of CO buffer gas is added 
along with the room temperature vapor pressure of isotopically enriched 199Hg.  Mercury spin coherence times of 
200 sec are routinely achieved in the cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     The vessel holding the cells is an airtight box made from graphite impregnated polyethylene as are the high 
voltage electrodes. Dry N2 as is slowly flowed through the vessel to reduce leakage currents associated with the 
applied electric fields. A conducting ground plane separates the two inner cells and allows us to monitor the 0.4 pA 
of current that flows from the electrodes to the ground plane. 
     The mercury atoms are polarized using 254 nm light from a frequency quadrupled diode laser. During the 
polarization pumping phase, the frequency of the light is tuned near to line center of the pressured broadened 
mercury 1S0 ĺ 3P1 transition. A chopper wheel is slid into the light path to send pulses of circularly polarized light, 
matched to the 16 Hz Larmor frequency, into the vapor to polarize the Hg atoms. During the 30 sec pump phase, the 
electric field is ramped to ± 9.1 kV/cm. After the atoms are polarized, the probe phase begins. The light is tuned 10 
GHz away from line center, the chopper wheel is removed, and low intensity linearly polarized light is sent through 
the cells. The precessing spins alter the mercury vapor index of refraction and cause the light polarization angle to 
rotate at the Larmor frequency. The light polarization angle is measured with a linear polarizer and photodiode. The 
spin precession is monitored for 200 sec and takes the form of an exponentially decaying sine wave, as shown in 
Figure 2. After the probe phase, a new pump phase with reversed electric fields, is begun. 
3. Data 
     The Larmor frequencies are extracted by fitting the photodiode signals to exponentially decaying sine waves. The 
frequency difference between neighboring cells is resolved to an accuracy of 15 nHz in a typical pump/probe cycle.  
The primary signal of interest is the frequency combination: v(c) = [v(mt) – v(mb)] – [v(ot) – v(ob)]/3, where  ot 
denotes the outer top cell, mb the middle bottom cell, etc. This frequency combination best suppresses magnetic 
field noise while preserving maximal sensitivity to an EDM. Linear combinations of the frequencies that are 
insensitive to an EDM are monitored as a test for systematic errors. The fitting program adds a blind EDM-
mimicking offset to v(c) to reduce analysis bias. 
     The difference between v(c) for successive pump/probe cycles (with opposite electric fields) forms our EDM 
signal, ǻvEDM. Figure 2 shows a single cell precession signal for one probe cycle along with v(c) and ǻvEDM for a 
typical 24 hour data run. The statistical error on ǻvEDM for a day’s run is determined by the scatter of the individual 
cycle points. After a day’s run, the direction of the magnetic field was reversed and other experimental parameters 
would be cycled to form a data sequence of typically 12 runs. After a sequence was completed, the vapor cells  
Figure 1:  Diagram of the 199Hg 
EDM apparatus. The topmost cell is 
shown inside a cutaway view of the 
top electrode. The light beams for 
the outer cells, not shown, enter 
parallel to the magnetic shield axis. 
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Figure 2: (a) Single cell precession signal with an expanded section. (b) v(c) for a 1 day run. (c) ǻvEDM for a 1 day run. The statistical error of this 
run was 0.85 nHz.  
would be refurbished (the wax coating on the cells walls would be re-melted) and the cells and electrodes would be 
reassembled in different positions within the vessel. 
     Fifteen data sequences were combined to produce our final result. These sequences included the use of nine 
different vapor cells, four electrodes, and two cell holding vessels. Of the initial 23 data sequences, the first 3 were 
rejected because we had not yet introduced the blind offset, and 5 additional sequences that contained runs where 
micro-sparking was occasionally observed on the leakage current monitors were also rejected. Figure 3 shows the 
sequence averages of our data. Combining the 15 sequences, after removal of the blind offset, leads to an EDM 
value and statistical error given by:  d(199Hg) = (0.49 ± 1.29) × 10-29 e cm. 
4. Systematic Errors 
No evidence was seen for systematic errors associated with individual vapor cells, electrodes, or the cell holding 
vessel. A thorough study of systematic errors was conducted and it was found that four contributions dominated: 
leakage currents (0.45 × 10-29 e cm), parameter correlations (0.43 × 10-29 e cm), spark analysis (0.42 × 10-29 e cm), 
and Stark interference (0.11 × 10-29 e cm). The spark analysis error is the amount that our central value changes if 
the 5 sequences that showed evidence of occasional micro-sparks are included in the final result. This error reflects 
our uncertainty of whether the micro-sparking was a signal for other instabilities in the measurements. Some twenty 
experimental parameters were monitored, including laser intensity, external magnetic fields, coil currents, and cell 
spin precession lifetimes and amplitudes. For each parameter, the product was computed of the correlation between 
the parameter and v(c) and its correlation with the applied high voltage. The parameter correlation products were 
added in quadrature, leading to the parameter correlation systematic error. No significant correlations were found; 
the error reflects the noise on the parameter channels. 
If the leakage currents that arise from the application of the high voltage flow in a helical pattern, they can 
produce magnetic fields that can mimic an EDM signal. The leakage currents can be made larger by reducing the 
flow of N2 gas through the vessel, but this extra current may not take the same path as the minimal currents. Hence a 
correlation analysis cannot be used to set a limit on the effect of leakage currents. Instead, we take a conservative 
approach and assume the leakage currents follow helical paths that span ½ of the cell circumference (symmetric  
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seal-off stems on the cells provide high impedence obstacles for the currents). The measured average current of 0.4 
pA traversing ½ of a turn around the cell leads to our leakage current systematic error [8]. 
The Stark interference systematic error arises from the electric field mixing of opposite parity states in the atomic 
levels. The E1 probe transition acquires M1 and E2 components that can lead to a frequency shift linear in the 
applied electric field and hence mimic an EDM [9,10]. After EDM data taking ended, by taking additional data with 
high light intensity and magnetic fields orientated to maximize the Stark interference frequency shift, we were able 
to measure the effect to four standard deviations [11]. Our results are in agreement with the most recent calculation 
of the Stark mixing in Hg [10].  
5. Results
Adding the systematic errors in quadrature leads to our final result: d(199Hg) = (0.49 ± 1.29 ± 0.76) × 10-29 e cm 
where the second error is the systematic error. We interpret this result as a 95% C.L. upper limit on the EDM of 
|d(199Hg)|    3.1× 10-29 e cm. 
Efforts are underway to reduce the dominant noise sources (laser intensity, light shifts, and magnetic field 
fluctuations) to achieve a factor of 3-5 increase in sensitivity to an EDM. 
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Figure 3:  EDM vs. sequence number. The 
lower-left inset shows the statistical spread  
of the data runs. The lower-right inset shows 
the separate contributions from +B and –B 
field directions. 
